Objective To investigate the use of the Sport Concussion Assessment Tool 3 (SCAT3) as an assessment tool in the varsity population, as well as the effects of sex and concussion history on both baseline and postconcussion scores.
AbsTrACT
Objective To investigate the use of the Sport Concussion Assessment Tool 3 (SCAT3) as an assessment tool in the varsity population, as well as the effects of sex and concussion history on both baseline and postconcussion scores.
Methods A comparison between baseline and postconcussion SCAT3 scores of varsity level athletes was conducted through retrospective chart review. Differences in both baseline and postconcussion scores were further analysed by sex and history of concussion.
results The only clinically significant change on the SCAT3 elicited by a concussion was that of self-reported symptoms. There were no clinically significant differences based on sex or history of concussion.
Conclusion
The SCAT3 in its entirety may not be useful in this population. Additional research on sociocultural and sport aspects that may be affecting symptom reporting in this population is needed.
InTrOduCTIOn
Concussion affects an estimated 3.8 million Americans each year. 1 To better assess sport concussions, the Concussion in Sport Group 2 integrated and modified existing concussion assessment instruments into a standardised tool. The original Sport Concussion Assessment Tool (SCAT) 2 has since been modified and redefined as the SCAT3 and has been one of the most widely used assessment tools for sport concussion. 3 4 The SCAT3 consists of multiple components including symptom, cognitive, balance and coordination assessments. Each of these components have shown adequate reliability, sensitivity and specificity. 1 5-7 Conversely, recent research using the SCAT3 on the athletic population has indicated that symptom reporting is the only significant component. However, this study only examined youth soccer players. 8 To our knowledge, the SCAT3 as a whole has not yet been investigated, in both baseline and postconcussion scores, in the university athlete population across a variety of sports. Studies looking at both the SCAT 9 10 and SCAT2 9 11 12 observed baseline differences based on sex and previous concussion. Women report higher baseline symptoms 9 11 13 14 and higher cognitive scores, 9 12 14 15 while differences based on the presence of a previous concussion have been controversial. Some researchers have indicated that those with a history of concussion report higher baseline symptoms 9 and perform better on cognitive assessments 15 compared with those with no previous concussion. Others found no differences in baseline measures.
14 These findings of baseline differences have not been repeated with the most recent version of the SCAT3.
The purpose of this study was twofold. First, we investigated the use of the SCAT3 as an What are the new findings?
► After concussion, the only clinically significant change on the Sport Concussion Assessment Tool 3 (SCAT3) in varsity athletes is that of self-reported symptoms. ► Neither sex nor history of concussion had clinically significant effects on baseline or postconcussion SCAT3 scores.
How might it impact on clinical practice in the near future?
► Clinicians should be aware that symptom reporting is the more important aspect of the SCAT3 in this population. In addition, symptom reporting does not differ by sex.
Open Access acute concussion assessment tool in the varsity population by comparing preconcussion and postconcussion scores. Second, we sought to replicate previous findings from both the SCAT and SCAT2 of normative baseline differences between sex and history of concussion. We hypothesised that there would be a significant change in baseline to postconcussion scores in each component of the SCAT3, thereby validating the SCAT3 as a concussion assessment tool for collegiate athletes. We postulated that women would have a higher baseline symptom score as well as a higher cognitive score compared with men. The effects of a concussion history on baseline values are exploratory in nature due to the previous conflicting results.
MeTHOds design
A retrospective chart review design was used in this study and ethics was approved by York University. Subjects included in this study were varsity athletes treated at the York University Gorman/Shore Sport Injury Clinic. All athletes were required to complete a baseline SCAT3 prior to the start of their respective seasons. Baseline testing was conducted by either a Certified Athletic Therapist (CAT(C)) or an Athletic Therapy Certification Candidate. All Certification Candidates completed training in SCAT3 administration by a CAT(C) prior to conducting baseline testing to ensure consistency.
sport Concussion Assessment Tool 3
The SCAT3 represents a revised version of the SCAT2 and the original SCAT, and consists of three primary components: (1) Symptom Inventory, (2) Sideline Assessment of Concussion (SAC) 16 and (3) balance and coordination. 17 18 The Symptom Inventory consists of 22 commonly reported symptoms, which are self-rated on a 7-point Likert scale from 0 (no issue) to 6 (severe). Both the number of symptoms (maximum 22) and a symptom severity score (sum of all reported symptoms, maximum 132) are recorded. SAC (maximum score 30) measures cognitive ability over four subdomains, including orientation (maximum 5), immediate memory (maximum 15), delayed recall (maximum 5) and concentration (maximum 5). A higher SAC score indicates higher cognitive ability. Balance is measured through the modified Balance Error Scoring System (m-BESS), incorporating three 20 sec tests of different stances on a firm ground. Deviation from the stance is counted as an error, up to a maximum of 10 errors per stance (maximum 30 total). The SCAT3 incorporated a tandem gait 18 which is a timed 3 m heel-to-toe walk, where quicker times indicate superior balance (measured as time in seconds). The final component, coordination, looks at the ability to perform five finger-to-nose movements with accuracy for 4 sec and is scored as yes (1/1) or no (0/1). Note that there is now a SCAT5
19 available for use, however continues to include all of the aforementioned components.
Participants From 1 August 2013 to 31 December 2016, there were 151 concussions recorded. Athletes who had a mechanism of injury and one sign or symptom were suspected of having a concussion and removed from play, as per current international standards. 3 A postconcussion SCAT3 was performed by either a CAT(C) or Certification Candidate and was followed up with a formal diagnosis by a Sports Medicine Physician (Canadian Academy of Sport and Exercise Medicine). Data were excluded from this study if the postconcussion SCAT3 was done greater than 48 hours postinjury, if a baseline SCAT3 was not completed or if the concussion represented a repeat concussion within the same year. A total of 88 concussions were included in this analysis. Aspects of the SCAT3 that were incomplete were counted as missing, but included in the overall analysis. Descriptive information, including sex and number of previous concussions, were obtained from self-report on the baseline SCAT3.
statistical analysis
In the first analysis, outcome measures included all SCAT3 scores: number of symptoms, symptom severity, SAC score, orientation, immediate memory, concentration, delayed recall, m-BESS error score, tandem gait and coordination. In a subsequent analysis, each of the 22 symptoms reported were examined. All measures were positively skewed and not normally distributed; therefore non-parametric tests were used. Wilcoxon signed-rank tests were conducted in order to compare baseline SCAT3 scores to postconcussion scores and to compare each baseline symptom to each postconcussion symptom. In the second analysis, both baseline and postconcussion scores and symptoms were analysed based on sex (male, female) and previous concussion (yes, no) with a MannWhitney U test.
Significance was set a priori at p<0.05. All statistical analyses were performed using SPSS V.24 statistical software.
resulTs
Of the 88 analysed concussions (45 men, mean age 19 years), the majority (n=60, 68.2%) had the follow-up SCAT3 performed on the same day as the incident. Thirty-eight (43.2%) reported a history of at least one previous concussion at baseline testing. Of these, 52.6% were men and 47.4% were women; this did not differ significantly (χ 2 =0.060, p=0.807). Of note, those with a previously reported concussion were significantly older than those with no reported history (mean=20.0 years, mean=18.8 years, respectively; t=−3.58, p<0.001). See table 1 for participant demographics.
A Wilcoxon signed-rank test showed that the number of symptoms reported postconcussion was significantly higher than those reported at baseline (Z=−8.001, p<0.001, r=0.6), with the median being 0 and 11 for baseline and postconcussion scores, respectively. Furthermore, a concussion was associated with a higher score in the severity of the reported symptoms (Z=−7.954, p<0.001, r=0.6), with the baseline median score of 0 and the postconcussion score of 23. In addition, there were statistically significant changes in SAC (Z=−2.063, p<0.05, r=0.2), orientation (Z=−0.306, p<0.01, r=0.02), delayed recall (Z=−3.472, p<0.001, r=0.3), BESS (Z=−2.036, p<0.05, r=0.2) and tandem gait (Z=−2.078, pP<0.05, r=0.2). However, these were not clinically significant as median scores were similar (see table 2 ). Moreover, 69 (78.4%) had no change in the orientation score, and only half (~50%) showed declines in SAC, delayed recall, BESS and tandem gait scores. In fact, 35% showed improved SAC scores and 31.8% demonstrated improved tandem gait scores. A concussion was not associated with a change in immediate memory, concentration or coordination.
The 22 symptoms of the Symptom Inventory, which are ranked from 0 (no issue) to 6 (severe), were investigated further. All symptoms had a statistically significant change in severity from baseline to postconcussion, except for trouble falling asleep (Z=−1.232, =0.218). However, less than 50% of the participants reported an increase in severity in the following symptoms: blurred vision, balance problems, sensitive to light, sensitive to noise, confusion and drowsiness. Less than 35% reported increases in severity in vomiting/nausea, difficulty remembering, more emotional, irritability, sadness and nervous/anxious. The majority of participants reported a symptom of headache (84.1%), pressure in head (80.5%), don't feel right (70.5%) and feeling slowed down (66%) (table 2). sex At baseline, SCAT3 scores between men and women differed significantly on SAC score (Z=−2.391, p<0.05, r=0.3), orientation (Z=−1.990, p<0.05, r=0.2) and delayed recall (Z=−3.322, p<0.001, r=0.4). Men had a lower median score than women (26 and 27, respectively) on the SAC, delayed recall (3 and 4, respectively) and orientation (5 and 5, respectively; the mean for men was 4.91, the mean for women was 5.0). When looking at symptom reporting at baseline, a Mann-Whitney U test revealed a significant difference in the reported severity of neck pain (Z=−2.110, p<0.05, r=0.2). While the median score was the same for both sexes (0), 97.7% of women reported no neck pain, but only 84.4% of men reported none.
The only significant difference between men and women postconcussion was in orientation (Z=−2.281, p<0.05, r=0.2) (table 3). Both sexes had a median of 5; however, women had a higher average at 4.88 compared with men at 4.62. Men had a slightly higher median of both number of symptoms and symptom severity than women. Pertaining to postconcussion symptom scores, men reported a significantly higher severity of blurred vision than women (Z=−2.429, p<0.05, r=0.3; median 1.0 and 0, respectively) and a higher severity of irritability (Z=−1.982, p<0.05, r=0.2; median of 0 and 0, respectively). A higher percentage of men (37.8%) reported irritability as a symptom postconcussion compared with women (16.3%).
Previous concussion history
Athletes who reported no prior history of concussion did not report statistically significant differences on the SCAT3 from those who had self-reported prior concussions at baseline. However, a higher percentage of those with no history of concussion reported zero symptoms (60.0%) compared with those with a history of concussion (42.1%). There was a statistically significant difference between groups in neck pain (Z=−2.602, p<0.01, r=0.3) and fatigue/low energy (Z=−2.415, p<0.05, r=0.3). With neck pain, while both groups had the same median score (0), 18.4% of those with a previous concussion reported this as a symptom compared with 2.0% of those with no prior history. Similarly, with fatigue/low energy, 39.5% of those with a history of concussion reported this symptom compared with 18% of those with no reported history.
Similarly to baseline, in the postconcussion scores, there were no statistically significant differences between groups. Those with a history of concussion had a lower median number of symptoms (9.0) and severity of symptoms (22.5) compared with those with no history of concussion (11.5 and 23.0, respectively). There were no significant differences in symptoms or symptom reporting between those with a history of previous concussion and those without on any of the symptoms postconcussion. See table 4 for full results.
dIsCussIOn Differences in the self-reported symptom evaluation were the most clinically significant aspect of the SCAT3 in this population. The remaining components of the SCAT3 did not show clinically significant changes between baseline and postconcussion scores. Likewise, differences based on sex or previous concussions were not clinically significant. However, importantly, those with a history of concussion had a higher median number and severity of symptoms at baseline, yet lower median scores in the postconcussion SCAT3.
Which components of sCAT3 provided the most valuable information? Only the Symptom Inventory revealed clinically significant differences between baseline and postconcussion scores in Open Access the collegiate athlete population, while all other components in the SCAT3 had no clinically significant differences. These results are in accordance with a recent study by Gorman et al 8 in which only symptom number and severity significantly differed between youth soccer players with and without a head-related injury, while the other components of the SCAT3 did not.
The BESS has been previously validated for its use in concussion assessment with evidence of good specificity 7 17 and others have determined that it has only moderate sensitivity. Further, its reliability is based on the full BESS and not the modified version that is found in the SCAT3. 5 20 21 Additionally, variables such as fatigue, environment and poor intra-tester and inter-tester reliability have been shown to affect BESS scores. 5 6 22 This may explain the lack of clinical differences found in our study. To our knowledge, the validity of the m-BESS has not been documented. Luoto et al 21 found that adults with a concussion did not differ significantly from controls on the m-BESS. 
Open Access
The tandem gait test was included in the SCAT3 to combat limitations of the m-BESS, but our results show that only 55% of participants had a worse score after a concussion. The finger-to-nose coordination task has good reliability in the healthy population in comparison to the single leg stance of the m-BESS; it may be a superior measure of motor dysfunction postconcussion. We, however, found no significant change from baseline to postconcussion in this measure.
While coordination, and subsequent motor skills, may be affected by concussion, we postulate that these differences may not be identified using the SCAT3 as coordination is measured simply as an ability to complete the task (yes/no). The SAC, developed to measure cognitive deficits due to concussion, has been validated for its use in concussion assessment and shows good sensitivity when tested within the first 48 hours after injury. 16 23 24 For example, Barr and McCrea 24 looked at the SAC in Open Access male high school and university football players, showing an average drop of 4 points after a concussion. However, the authors also noted low test-retest reliability, stating that the subdomains of the SAC score may be susceptible to variability over time.
The student athlete population used in our study may have a greater variability in their cognitive ability over time, potentially explaining why there were no clinically significant changes in cognitive components. Furthermore, since these were high level athletes, they may have had previous experience with the SCAT3. We suggest that these athletes may deliberately underperform at baseline in order to maintain similar cognitive score in the presence of concussion.
The significant change found in both the number of endorsed symptoms as well as symptom severity for those Open Access with a concussion supports previous research. 5 7 8 25-29 While there are many different symptom scales currently in use, all have shown an increase in symptom scores in the acute stages of concussion. 25 The consistency of this result gives rise to the current diagnostic criteria in which a change in at least one sign or symptom with a mechanism for injury must be present. 3 When looking at the specific symptoms reported, we found the most frequently reported symptoms after a concussion were headache, pressure in the head, don't feel right and feeling slowed down, consistent with other findings. 28 
sex differences
We found no clinically significant differences in scores between men and women. Women scored higher on baseline cognitive scores including overall SAC score, orientation and delayed recall, which is consistent with previous literature. 9 14 15 Although these differences in cognitive scores are statistically significant, this may not translate into clinically significant differences. Furthermore, in contrast to previous research where women consistently report more symptoms at both baseline and postconcussion, 9 11 12 15 28 30-32 we found no statistically significant difference between men and women in the number and severity of symptoms. It has been proposed that women tend to endorse more symptoms due to hormonal changes during different stages of the menstrual cycle, 11 the sport environment 31 33 and social context. 34 It has been suggested that men are often praised for playing through pain and injury and thus may hide or minimise their symptoms in an effort to return to sport sooner, whereas women are typically more concerned about their future health. 31 33-35 With the increasing knowledge about the potential detrimental effects of concussion, there may be a sociocultural shift in the reporting of concussion symptoms. This may result in men reporting either more, or the same number, of symptoms as women as seen in both our current and few previous studies. 28 36 Differences based on history of concussion Similar to previous findings, 9 14 a history of previous concussion had no significant effects on baseline SCAT3 scores. However, a greater proportion of those with a history of concussion (57.9%) reported symptoms compared with 40.0% of those with no prior history. Although not significantly different, those with a history of previous concussion had a lower median for both number and severity of symptoms in the postconcussion SCAT3. Bruce and Echemendia 37 observed similar results and suggest that those with no history of concussion are unaccustomed to the emerging symptoms, whereas those with a previous concussion may be more familiar. The authors posit that those with a history of concussion are aware that both their prior history and reported symptoms often increase the length of time before being cleared and thus minimise their symptoms in order to return to sport more quickly. These theories may help explain our findings.
limitations and strengths While our study reveals some important factors to consider when using the SCAT3 with the varsity population for concussion assessment, it is not without its limitations. Our study was based on retrospective chart review, therefore we could not control for outside variables; for example, comorbid injuries could impact symptom reporting. Further research is needed to better understand the sociocultural influence on symptom reporting and resolution, and it may be interesting to compare the time in their competitive season at which a concussion occurs. Other possible variables such as sport, position, previous experience with the SCAT3, learning disabilities and neurological disorders would be of interest to investigate in this population; however, a larger sample size is needed.
COnClusIOn
While the SCAT3 remains one of the most widely used tools for concussion assessment in sport, including the varsity student-athlete population, the only clinically significant change elicited by a concussion was that of self-reported symptoms. While men and women did not differ clinically on either baseline or postconcussion measures of the SCAT3, men typically reported a higher number and severity of symptoms on the postconcussion SCAT3. Similarly, there were no significant differences in symptom reporting between those with a previous concussion history and those with no previous concussion history on either the baseline or postconcussion measure. Additional research is needed in order to better understand the potential sociocultural and sport aspects that may be affecting symptom reporting in this population. 
